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In Saccharomyces cerevisiae, the first two reactions of pyrimidine 
biosynthesis are catalyzed by the multifunctional protein Ura2 carrying 
both carbamyl-phosphate synthetase (CPSase) and aspartate transcarbamylase 
(ATCase) enzyme activities. In order to study how UTP regulates both of 
these activities mutant strains were constructed: one strain which 
expressed the Ura2 protein fused to the green fluorescent protein, and two 
strains expressed truncated Ura2 proteins. These strains exhibited a 
phenotype associated with a modified regulation of the pyrimidine pathway. 
Results presented in this report provide arguments in favor of a single UTP 
binding site located on the CPSase domain, and support a model in which 
ATCase activity is inhibited by UTP only when it can interact with the 
CPSase domain. 
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ABSTRACT: We have purified for the first time from green leaves a 

multifunctional protein (MFP) involved in fatty acid beta-oxidation. The 
protein, designated MFP IV, was extracted from green leaves of 
three-week-old cucumber (Cucumis sativus L. ) plants. Chromatography on 
cation exchanger, separation on hydroxylapatite, and fast-protein liquid 
chromatography on Phenylsuperose led to a more than 7000-fold 
purification and to the isolation of an apparently homogeneous 80-kDa 
monomeric protein. This protein is immunologically related to the 
glyoxysomal MFP II, as evidenced by immunodecoration with antiserum 
raised against MFP II. Comparison of molecular masses of all MFPs 
presently known revealed that the MFP prepared from green leaves (MFP IV) 
is distinct from MFP II (76.5 kDa) and MFP I (74 kDa) from dark-grown 
cotyledons. By including other properties in this comparison, we 
demonstrated that MFP IV can also be distinguished from the glyoxysomal 
MFP III (81 kDa) and the bacterially expressed MFP-a (80 kDa) . 
Moreover, MFP IV is a constituent of leaf peroxisomes and contains the 
activities of 2-enoyl-CoA hydratase (EC 4.2.1.17), L-3-hydroxyacyl-CoA 
dehydrogenase (EC 1.1.1.35) and 3-hydroxyacyl-CoA 
epiznerase . 
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ABSTRACT: 3-2 trans-Enoyl-Coa isomerase (EC 5.3.3.8) is a key enzyme in 
mitochondrial . beta . -oxidation of unsaturated fatty acids in bacteria, 
plant and animal cells. The enzyme was isolated from rat liver 
mitochondria and purified to homogeneity by two chromatographic steps. 
Partial polypeptide sequences of the 29 kDa protein were derived from 
cyanogen bromide, tryptic, Lys-C, and protease V8 fragments by Edman 



degradation. Peptide-derived synthetic oligonucleotides were used for the 
isolation of a 990 bp long isomerase-specif ic cDNA from rat liver cDNA 
libraries. 867 bp encode the 289 amino-acid residues of the prei some rase 
with a molecular mass of 32254 Da. The 1.3-kb mRNA is most strongly 
expressed in skeletal muscle followed by liver, heart, kidney, and 
weakly expressed in spleen and brain. In vivo transcription and 
translation yielded a 32 kDa polypeptide which was immunoprecipitated by 
anti rat isomerase antibodies. In the presence of mitochondria the 32 kDa 
precursor isomerase was processed during mitochondrial import to the 29 
kDa mature form of the 3-2trans-enoyl-CoA isomerase with 264 amino-acid 
residues (Mr 29,706). A N-terminal signal sequence of 25 amino-acid 
residues directs the import into the mitochondrial matrix and is cleaved 
in two successive steps passing through an intermediate form of Mr 30475. 
The two cysteine residues in positions 143 and 148 of the preisomerase 
are present as free thiol groups as shown by derivatization of the 
mature, native protein with the fluorescent label 

N- (iodoacetaminoethyl) -l-naphthylamine-5-sulfonic acid. The mitochondrial 
3-2trans enoyl-CoA isomerase shows significant homology and conserved 
aminoacid exchanges with the mitochondrial enoyl-CoA hydratase, the 
N-terminal domain of the bifunctional peroxisomal 

enoyl-CoA-hydratase: 3-hydroxyacyl-CoA dehydrogenase and to extended 
domains of the . alpha . -subunit of the procaryotic . beta . -oxidation 
complex sharing enoyl-CoA isomerase, D ( - ) 3-hydroxyacyl-CoA 
epimerase, enoyl-CoA hydratase and L (+) 3-hydroxyacyl-CoA 
dehydrogenase activity, encoded by the fad B operon of E. coli . 
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Degradation of fatty acids having cis-double bonds on even-numbered 
carbons requires the presence of auxiliary enzymes in addition to the 
enzymes of the core beta-oxidation cycle. Two alternative pathways have 
been described to degrade these fatty acids. One pathway involves the 
participation of the enzymes 2, 4-dienoyl-coenzyme A (CoA) reductase and 
Delta (3) -Delta (2) -enoyl-CoA isomerase, whereas the second involves the 
epimerization of R-3-hydroxyacyl-CoA via a 3-hydroxyacyl-CoA 
epimerase or the action of two stereo-specific enoyl-CoA hydratases. 
Although degradation of these fatty acids in bacteria and mammalian 
peroxisomes was shown to involve mainly the reductase-isomerase pathway, 
previous analysis of the relative activity of the enoyl-CoA hydratase II 
(also called R-3-hydroxyacyl-CoA hydro-lyase) and 2 , 4-dienoyl-CoA reductase 
in plants indicated that degradation occurred mainly through the epimerase 
pathway. We have examined the implication of both pathways in transgenic 
Arabidopsis expressing the polyhydroxyalkanoate synthase from 
Pseudomonas aeruginosa in peroxisomes and producing polyhydroxyalkanoate 
from the 3-hydroxyacyl-CoA intermediates of the beta-oxidation cycle. 
Analysis of the polyhydroxyalkanoate synthesized in plants grown in media 
containing cis-lO-heptadecenoic or cis-lO-pentadecenoic acids revealed a 
significant contribution of both the reductase-isomerase and epimerase 
pathways to the degradation of these fatty acids. 
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Peroxisomes from different eukaryotic organisms house a multifunctional 
protein acting in fatty acid beta-oxidation. In plant glyoxysomes, one of 
the isoforms of this protein contains the activities of L-3-hydroxyacyl-CoA 
hydrolyase (EC 4.2.1.17), L-3-hydroxyacyl-CoA dehydrogenase (EC 1.1.1.211), 
D-3-hydroxyacyl-CoA epimerase , and delta 3, delta 

2-enoyl-CoA isomerase (EC 5.3.3.8). This was demonstrated after molecular 
cloning of a cDNA coding for a protein of 79047 Da and its bacterial 
expression . Chromatographic purification yielded a monomeric protein 



exhibiting all four activities. In addition, mutant forms were prepared, 
and peptides representing single domains were purified. Peptides containing 
the N-terminal region showed D-3-hydroxyacyl-CoA 

epimerase and delta 3, delta 2-enoyl-CoA isomerase activities but 
lacked 2-trans-enoyl-CoA hydratase and L-3-hydroxyacyl-CoA dehydrogenase 
activities. Using the N-terminal fragment, we demonstrated that the 
D-3-hydroxyacyl-CoA converting activity is actually an epimerase rather 
than part of a combined water eliminating and water attaching system. The 
C-terminal half of the multifunctional protein represents the dehydrogenase 
domain . 
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3-2trans-Enoyl-CoA isomerase (EC 5.3.3.8) is a key enzyme in 
mitochondrial beta-oxidation of unsaturated fatty acids in bacteria, plant 
and animal cells. The enzyme was isolated from rat liver mitochondria and 
purified to homogeneity by two chromatographic steps. Partial polypeptide 
sequences of the 29 kDa protein were derived from cyanogen bromide, 
tryptic, Lys-C, and protease V8 fragments by Edman degradation. 
Peptide-derived synthetic oligonucleotides were used for the isolation of a 
990 bp long isomerase-specif ic cDNA from rat liver cDNA libraries. 867 bp 
encode the 289 amino-acid residues of the preisomerase with a molecular 
mass of 32,254 Da. The 1.3-kb mRNA is most strongly expressed in 
skeletal muscle followed by liver, heart, kidney, and weakly 
expressed in spleen and brain. In vitro transcription and translation 
yielded a 32 kDa polypeptide which was immunoprecipitated by anti rat 
isomerase antibodies. In the presence of mitochondria the 32 kDa precursor 



